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Recently, Hudson and co-workers reported that 1 exhibits UVA-dependent antiviral activity against a variety of enveloped viruses. Notably, it showed in vitro activity against HIV-L2 In the context of our continuing interest in the synthesis of novel antiviral agents, we report herein the first synthesis of coriandrin.
A retrosynthetic analysis is depicted below. 0022-326319411959-4735$04.50/0 isolated yield. The resulting tetrahydrobenzofuran could be conveniently aromatized in 68% yield using NBS in hot carbon tetrachloride, a procedure that we had previously employed for a synthesis of pachybasin.6 With gram quantities of ester 2 in hand, the construction of the lactone ring was investigated. Unexpectedly, the attempted generation of the dianion6 of 2 using 2 equiv of lithium diisopropylamide (LDA) in either THF or THFMMPA followed by reaction with acetaldehyde or acetic anhydride failed to produce the desired adducts.
When the reaction was conducted at -78 or -40 "C, only starting ester 2 was recovered. When the reaction was performed a t 0 "C, the main product appeared to be derived from deprotonation of the furan subunit.
We next synthesized benzylic bromide 6 in quantitative yield from 2 by acetylation of the phenol with acetic anhydride followed by benzylic bromination with NBS and dibenzoyl peroxide. Initially, we had anticipated that a Reformatsky reaction with acetaldehyde would provide a useful intermediate. After several unsuccessful experiments, we concluded that the phenolic acetate in 6 might be an appropriate electrophile. The reaction of 6 with activated zinc generated a new compound in low yield. However, it was not the desired keto ester. On the basis of NMR, IR, and mass spectrometry, it appeared to be hydroquinone 7. This compound might have been produced by a sequence involving (1) a n intermolecular Reformatsky reaction, (2) cyclization to afford the isocumarin, and (3) oxidation of the phenolate anion to a hydroquinone.
Although substitution of the benzylic bromide using a n acyl carbanion equivalent had good literature precedent, the reaction of bromide 6 with either 2-lithio-1,3- Methyl 4-Acetoxy-6-(bromomethyl)benzofuran-S-carboxylate (6). To 0.750 g (5.06 mmol) of 2 in 20 mL of AczO was added 0.55 g (5.57 mmol) of KOAc. The mixture was stirred at 120 "C for 12 h, cooled to rt, diluted with 50 mL of 2 N NaOH, and extracted with ether (3 x 60 mL). The organic layer was dried over Na2S04, concentrated in vacuo, and purified by sgc with 1O:l H:EA to give 1.24 g (100% yield) of the acetate of 2 (NMR (CDC13) 6 7.56 (d, J = 2.1 Hz, 1 H), 1778, 1727, 1266 cm-l; TLC (51 H:EA) Rf = 0.51).
To 0.55 g (2.217 mmol) of the above acetate in 25 mL of cc14 were added 0.011 g (0.04 mmol) of benzoyl peroxide and 0.434 g (2.44 mmol) of NBS. The mixture was stirred at 120 "C for 16 h, filtered, and concentrated in vacuo to give a quantitative yield of 6. 3-Methyl-5,9dihydrogyfuroisocumarin (7). To 0.66g (2.02 mmol) of 6 in 20 mL of dry THF was added 0.165 g (2.52 mmol) of activated zinc powder. The reaction was heated to reflux for 6 h. The reaction was cooled, diluted with 10 mL of saturated ammonium chloride, and extracted three times with ether. The organic layer was dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by sgc with 6:l H:EA to afford 0.120 g (32% yield) of hydroquinone 7. 
Methyl 4-Acetoxy-6-allylbenofur~-S-carboxylat (8).
To 0.97 g (2.96 mmol) of 6 in 2 mL of HMPA were added 0.0157 g (0.021 mmol) of PhCHzPd(PPh3)zCI and 1.061 g (3.34 mmol) of tributylvinylstannane in a sealed tube in an air atmosphere. The mixture was stirred at 65 "C for 6 h, diluted with HzO, and extracted with ether (3 x 20 mL). The combined organic layers were washed with HzO and dried over Na2S04. Ether was removed in vacuo, and the product was diluted with CH3-CN (25 mL) and washed with hexanes (3 x 10 mL). CH&N was removed in vacuo, affording 0.75 g (92% yield) of 8. This material was sufficiently pure for the next step. Further purification by sgc resulted in an isolated yield of 87%. 4-Hydrolry.6-allylbenzo~an-B-carboxylic Acid (9) . To 0.48 g (1.75 mmol) of 8 in 4.5 mL of THF, 4.5 mL MeOH, and 2.25 mL of HzO was added 1.47 g (35.04 mmol) of LiOH*H20. The mixture was stirred at 70 "C for 40 h. The solution was acidified with 2 N HC1, extracted with ether (3 x 20 mL), and dried over Na2S04. Ether was removed in vacuo to give 0.29 g (75% yield) of 9. drolysis of 8 using 20 equiv of LiOH in aqueous THF furnished carboxylic acid 9 in 75% yield. Cyclization of the olefinic acid 9 with palladium chloride-bidacetonitrile) complex using the method of Hegedus provided 10 in 69% yield.g Phenol 10 was resistant to standard methylation conditions using NaH and methyl iodide in DMF. However, a Mitsunobu procedurelo using triphenylphosphine, diethyl azodicarboxylate (DEAD), and methanol cleanly produced coriandrin (1) in 89% yield. The NMR and IR spectra of the compound produced by our synthetic route were identical to the spectrum of coriandrin reported in the 1iterature.l Coriandrin (1) has been synthesized in nine steps from diketone 3. Our synthesis provides a flexible and reasonably direct route to the furoisocoumarin skeleton. In addition to providing quantities of 1 for antiviral testing, this synthesis makes available compounds 7 and 10 which may also be novel antiviral agents.
Experimental Section
Unless otherwise noted, materials were obtained from commercial suppliers and were used without purification. H:EA refers to hexanes:ethyl acetate solvent mixtures for TLC and silica gel flash chromatography (sgc). The purity of all title compounds was determined to be >95% by 300-MHz proton NMR.
6-Methyl-4,5,6,7-tetrahydrobenzofuran-4-one (4). To 0.85 g (6.74 mmol) of 3 in 10 mL of HzO at 0 "C were added 0.47 g (8.425 mmol) of KOH in 10 mL of HzO at a rate in which the solution temperature remained below 10 "C. After KOH addition, 0.22 g (1.35 mmol) of KI was added followed by the dropwise addition of 2.22 g (14.15 mmol) of ClCHZCHO. The ice bath was removed and the reaction was stirred at rt for 12 h. The reaction mixture was neutralized with 2 N HC1, extracted with CHC13 (3 x 60 mL), dried over NaZS04, and concentrated in vacuo. Sgc purification with 5:l H:EA afforded 0.87 g (86% yield) of pure 4. Methyl 4-0~0-6-methy1-4,5,6,7-tetrahydrobenzofuran-5-carboxylate (5). To a solution of LDA (11.9 mmol) in 20 mL of dry THF at -78 "C was added 1.5 g (9.99 "01) of 4 in 20 mL of dry THF. The solution was stirred for 1 h at 0 "C and then recooled to -78 "C; 3.43 g (20.18 mmol) of HMPA 
